Introduction
Intraductal papillary mucinous neoplasm (IPMN) of the pancreas was first reported by Ohhashi et al. in 1982 as mucin producing pancreatic cancer which had better prognosis compared with conventional pancreatic ductal adenocarcinoma (PDAC) (14) . IPMN's action show a wide spectrum of histological grad from low, intermediate, and high grade dysplasia to invasive carcinoma it has also been also reported that the patients with IPMNs have a high prevalence of distinct neoplastic lesions including concomitant PDAC (Figure 1 ) and extrapancreatic malignancies such as colorectal, breast, and prostate cancer (9, 21, 23, 24, 27, 28, 30, 31) . Because of its unique characteristics, numerous investigations have been carried out to date, and the international consensus guidelines were edited in 2006 (Sendai guidelines), then revised in 2012 (Fukuoka guidelines), for the adequate management of IPMN. In this article, characteristics, diagnosis, and management of IPMN are described based on the Fukuoka guidelines 2012 (26, 27 ).
Etiology and Symptoms
IPMNs are predominantly observed in the aged male patients. Most patients are asymptomatic, while some patients experience symptoms of abdominal pain / discomfort, back pain, pancreatitis, jaundice, new onset or deterioration of diabetes, and elevated serum carbohydrate antigen 19-9 (CA19-9) level (27) . Pancreatitis and jaundice are reported to be predictors for the malignant IPMN, and new onset or deterioration of diabetes and elevated serum CA19-9 level are predictors for the possible presence of concomitant PDAC (2, 6, 11).
Morphological type
IPMNs are morphologically classified into 3 types, namely, main duct type (MD-IPMN), branch duct type (BD-IPMN), and mixed type involving both main duct and branch duct (27) . Fukuoka guidelines defined MD-IPMN as the diffuse or localized lesion having dilation of main pancreatic duct (MPD) of greater than 5mm in diameter (Figure 2) , without any significant lesion except for IPMN (27) . The morphological type of IPMN is usually determined at the initial imaging assessment because morphological typing is one of the important issues for the adequate management strategy of IPMNs and most patients with IPMNs are surveyed without resection and therefore pathological assessment cannot be carried out (27) . Magnetic resonance cholangiopancreatography (MRCP) is usually suitable for the assessment of the morphological type of IPMN (Figure 3 ) (27) .
Imaging Assessment
Standard imaging modalities for the assessment for IPMNs include enhanced computed tomography (CT), magnetic resonance imaging (MRI) / MRCP, and endoscopic ultrasound (EUS) (2) . CT has advantages in terms of familiarity for many physicians, fast examination time with objective spatial resolution, and has roles for the assessments of local invasion of IPMN, preoperative vascular anatomy, and extrapancreatic malignancies (7) . MRCP is suitable for the assessment of whole pancreatic ductal system (thus, morphological type of IPMN is determined by MRCP as described above) ( Figure  3 ) and for the recognition of the morphological changes of IPMN as well as MPD during surveillance (7) . EUS has roles for the assessment of the presence of mural nodule in IPMN ( Figure  4) , and for the early diagnosis of concomitant PDAC during surveillance, however, EUS cannot always be performed with high quality in every institution (8, 27) . 
Assessment of Pancreatic Juice / Cyst Fluid
Routine pancreatic juice sampling for cytological assessment under endoscopic retrograde pancreatography (ERP) for indolent BD-IPMN is not recommended in Fukuoka guidelines 2012, because ERP has a risk of lethal pancreatitis and sensitivity of pancreatic juice cytology to detect malignant IPMN is not so high, ranging from 10 % to50 % (3, 27, 32, 34) . On the other hand, we have recently reported that ERP / pancreatic juice cytology has an important role to detect PDAC concomitant with IPMN which cannot be detected by other imaging modalities (15) . In addition, Hirono et al. have reported that CEA level in pancreatic juice over 30ng/mL in addition to the size of mural nodule over 5mm is a good predictor for malignant BD-IPMNs, of which positive and negative predictive values are 100% and 96.3%, respectively (4). In MD-IPMNs, peroral pancreatoscopy under ERP is often useful to evaluate the intraductal spread of the tumor and thus to determine the adequate resection line during operation (13) . Recent advancement of endoscopic tools allows us to perform biopsy for the target lesion in the pancreatic duct under the direct visualization using peroral pancreatoscopy (13) .
The role of EUS-guided fine needle aspiration (FNA) cytology remains controversial because evaluation of the fluid sample to detect malignant IPMN has not been established and there is a risk of peritoneal seeding of the neoplastic cells (5, 27) . Assessment of cystic fluid obtained by EUS-FNA can determine whether the cystic fluid is mucinous or not while the measurement of the CEA level cannot distinguish IPMN from mucinous cystic neoplasm at this time (27) . (22) . One of the controversial issues is whether HGD should be included as a malignant entity or not. We have recently reported the patients having recurrent distant metastasis after resection of IPMN with high grade dysplasia, and thus consider HGD as malignant (25) .
Pathological Aspects
Another aspect is pathological subtypes; gastric, intestinal, pancreatobiliary, and oncocytic ( Figure  5 ). Among them, the intestinal subtype has the characteristics of MUC2 positively in the cytoplasm of the neoplastic cells, while the other subtypes are negative for MUC2 expression; thus, IPMN can be also classified as intestinal and non-intestinal subtype (1).
Malignancy Predictors, Surgical Indication, and Surveillance Protocol
The prevalence of malignant and invasive MD-IPMN is 61.6 % and 43.1%, respectively, and thus, all the cases of MD-IPMN are basically indication for resection because of its high prevalence of malignancy (27) . On the other hand, resection criteria in BD-IPMN remain controversial. Fukuoka guidelines suggest unique issues to stratify the clinical and radiological findings of IPMN into 3 categories; namely, "high-risk stigmata", "worrisome features", and "low risk", in terms of the prediction for malignant IPMN, and recommend the management strategy of IPMNs according to this stratification ( Figure 6 ) (27) . "High risk stigmata" include (1) obstructive jaundice in a patient with cystic lesion of the head of the pancreas, (2) enhancing solid component within cyst, (3) MPD > / = 10mm in size. Surgical resection should be considered in patients with one or more findings of "high risk stigmata", if clinically appropriate.
On the other hand, worrisome features include (1) presence or history of pancreatitis, (2) cyst > / = 3cm in size, (3) thickened / enhancing cystic wall, (4) MPD size 5-9mm, (5) non-enhancing mural nodule, (6) abrupt change in caliber of MPD with distal atrophy, and (7) lymphadenopathy (27) . If these findings are observed in CT and / or MRI, then EUS should be performed. If the following findings are detected by EUS, then surgical resection should be considered; (a) definite mural nodule, (b) main duct features suspicious for involvement, ( c) cytological result for suspicious or positive for malignancy (27) . If EUS finding is inconclusive, then close surveillance should be recommended, while resection should be considered in young fit patients. The patients without any findings of high risk stigmata or worrisome features will be surveyed without resection in a schedule according to the size of the cyst. The Fukuoka guidelines also suggest that MPD diameter of 5-9 mm in MD-IPMN should be considered as one of the worrisome features, with a recommendation of the detailed evaluation but no immediate resection (27) .
We have recently reported that the prevalence of malignant IPMN in patients having "high-risk stigmata", worrisome feature", and no risk factor were 61%, 26%, and 0%, respectively, which sound the reasonable percentage, and thus the stratification of Fukuoka guidelines seems to be adequate (16, 27) . In addition, the prevalence of malignant IPMNs, invasive carcinoma, and lymph node metastasis in patients with "high risk stigmata" were 80%, 55%, and 20%, respectively, and those values significantly increased in a stepwise manner according to the number of factors (2).
Natural history of BD-IPMNs Observed without Resection
Morphological changes of BD-IPMNs observed without resection such as an increase in the cyst size, dilation of MPD, appearance or an increase in size of mural nodule were observed in 27.4% of the 1,293 patients during surveillance period of 2.6 to 8.1 years in 12 articles (10) . Among them, 9.9% of the patients underwent resection, demonstrating histologically malignant IPMNs in 27.3%, and thus, malignant transformation was observed in 2.7% of BD-IPMNs during surveillance period without resection (10) . In addition, development of concomitant PDAC was observed in 2.8% of the study population (Figure 1 ) (10).
Operation
Considering the high prevalence of malignancy, MD-IPMN should be treated by pancreatectomy with regional lymph node dissection. The region of resection is determined based on the distribution of mural nodules. Mere dilation of the MPD without any mural nodules should not immediately resected and very careful examination and observation if necessary are required to distinguish chronic pancreatitis. During partial pancreatectomy for MD-IPMN, the margin status of MPD should be checked by frozen section because MD-IPMN has tendency to spread widely along the MPD (19) . If the result shows HGD or invasive carcinoma, then additional resection should be performed to obtain a negative surgical margin (27) . Although the effect of the presence of LGD or IGD at surgical margin on outcome remains controversial, additional resection is not recommended at this time in Fukuoka guidelines (27) .
BD-IPMNs highly suspicious of malignancy should be resected by standard pancreatectomy with regional lymph node dissection, while those with low risk for malignancy can be resected by organpreserving pancreatectomy including laparoscopic procedure (27) . In multiple BD-IPMNs (25 to 41% of the cases), only significant lesions should be resected, and those without any malignancy predictors can be left without resection in the remnant pancreas (27, 11) . During partial pancreatectomy, intraoperative irrigation cytology of the MPD in the remnant pancreas as well as frozen section pathology of the cut margin are often useful to detect unexpected PDACs which are not detected by preoperative imaging such as CT, MRI, and EUS (12).
Postoperative Surveillance
Surveillance protocol after resection of BD-IPMNs is determined based on the following factors; (1) pathological grade of resected BD-IPMNs, (2) pancreatic margin status after partial pancreatectomy, (3) presence of the residual lesions left without resection in the remnant pancreas, (4) presence of concomitant PDACs at the time of operation, (5) the possibility of metachronous occurrence of BD-IPMNs, and (6) the possible development of concomitant PDACs in the remnant pancreas (18) . The yearly risk of concomitant PDAC development is reported to be 0.7 to 0.9% in the patients with BD-IPMNs, and thus Fukuoka guidelines suggest that CT or MRCP at 6 months intervals is appropriate for surveillance after resection of BD-IPMNs, even though the resected IPMN is benign with negative surgical margin (27) . Surveillance with shorter interval should be considered in patients who underwent resection of invasive IPMNs, who had positive surgical margin status, or who have significant clinical signs to suspect the progression or new development of the disease (18) . One example of a surveillance protocol after resection of BD-IPMN is presented in Figure 7 .
On the other hand, surveillance schedule after resection of MD-IPMNs is determined based on pathological grade and surgical margin status (17) . Prognosis after resection of invasive IPMNs is better than that of conventional pancreatic ductal adenocarcinomas (PDACs) in the matched status of T1 or N0, or in the subtype of colloid carcinoma, while it is not different from that of PDACs in the other conditions (T2 to T4, N1, or other subtypes of carcinoma) (20, 22) . Thus, the patients with invasive MD-IPMNs should be surveyed according to the protocol of the conventional PDACs. In non-malignant IPMNs (LGD to IGD), if there is no residual lesion in the remnant pancreas with negative surgical margin for neoplastic cells, then the patients might be surveyed at 2 and 5 years after operation to check the development of new lesions in the remnant pancreas (17) . In the patients having positive surgical margin of LGD to IGD, the surveillance of twice a year using physical examination and MRCP might be suitable, although there has been no evidence regarding the effect of this protocol (17) . On the other hand, it remains unclear whether this surveillance protocol of twice a year would be also applied to the patients after resection for non-invasive carcinoma (HGD). If there are some clinical signs to suspect the progression of the diseases in such patients, then surveillance with shorter interval is recommended (17) . One example of a surveillance protocol after resection of MD-IPMN is present in Figure 8 .
We have recently demonstrated that MD-IPMNs often have a development of monoclonal skip lesion in the remnant pancreas, even after a partial pancreatectomy with surgical margin negative for neoplastic cells; however, additional resection of the remnant pancreas led to a favorable prognosis, and thus prophylactic total pancreatectomy for MD-IPMN at the time of the initial operation is not recommended (25) . In addition, we have also experienced 3 patients having PDAC concomitant with MD-IPMN, and careful attention should be also paid to the possible occurrence of concomitant PDAC in patients with MD-IPMN as well as BD-IPMN (25).
Extrapancreatic Malignancy
Development of extrapancreatic malignancy is also reported in patients with MD-IPMNs as well as BDIPMNs, the incidence being 10 to 45%, although etiology connecting IPMNs and the secondary neoplasms has not been known (21, 24, 33) . The frequent sites of extrapancreatic malignancy in patients with IPMN are breast, prostate, and colorectum in Western countries, while stomach in Asian countries including Japan (21, 33) . Thus, careful attention should be also paid to the extrapancreatic malignancy at the initial assessment and during surveillance of IPMN, although there is no recommended screening modalities to detect extrapancreatic neoplasms. 
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